Objectives: In animal models and in vitro studies leptomeninges have been shown to be the origin of neurotrophic substances that support the survival and growth of neuronal cells. Because dementia is associated with neuronal loss, we investigated whether leptomeningeal dysfunction may be involved in the pathogenesis of dementia disorders. Methods: We analysed the cerebrospinal fluid (CSF) concentrations of the leptomeningeal derived b trace protein, b2 microglobulin, and cystatin C. Results: There was a statistically significant difference of the CSF b trace protein levels among different groups. Patients with idiopathic normal pressure hydrocephalus (NPH) (17.5 (SD 4.3) mg/l) showed significantly lower CSF b trace protein levels than patients with Alzheimer's disease (23.8 (6.2) mg/l), depression (24.2 (7.3) mg/l), and normal controls (25.3 (4.9) mg/l). To patients with vascular dementia (20.1 (5.6) mg/l) and frontotemporal dementia (21.9 (7.0) mg/l), the difference was not significant. There was no significant difference regarding the CSF and serum concentrations of b2 microglobulin or cystatin C among the different groups. Conclusions: We conclude that leptomeningeal dysfunction may be involved in certain types of dementia such as NPH and that reduced CSF b trace protein levels in patients with NPH may aid in differentiating this difficult to diagnose disorder from other syndromes such as Alzheimer's disease.
T
he leptomeninges have been shown to support the survival and growth of neuronal cells and to produce neurotrophic factors. [1] [2] [3] [4] Because dementia is associated with neuronal loss, leptomeningeal dysfunction may be a possible pathomechanism in dementia syndromes. In Alzheimer's disease, the leptomeninges have been shown to be a major site of b amyloid deposition. 5 In idiopathic normal pressure hydocepalus (NPH), several studies showed a leptomeningeal fibrosis of unknown origin. 6 7 To assess meningeal function in vivo, we measured cerebrospinal fluid (CSF) proteins produced by the leptomeninges. 3 b Trace protein has been shown to be mainly synthesised in the spinal leptomeninges and pachymeninx. 8 9 It seems to have a function related to prostaglandin metabolism 10 and to act as a carrier protein for retinoids.
11 b2 microglobulin is a cell membrane associated peptide expressed on the surface of most nucleated cells that may be involved in immunological reactions. 12 Cystatin C is an important extracellular inhibitor of cysteine proteinases. 13 The aim of this study was to investigate concentrations of CSF proteins with a known leptomeningeal origin in various subtypes of dementia to determine whether signs of meningeal dysfunction are present.
METHODS
Paired lumbar CSF and serum samples were obtained from 96 patients from the department of neurology, University Hospital of Ulm, with different subtypes of dementia.
We examined 30 patients (18 female, 12 male) fulfilling the diagnostic criteria of Alzheimer's disease as described by McKhann et al.
14 Furthermore, we investigated 13 patients (6 female, 7 male) with vascular dementia, 6 patients (3 female, 3 male) with frontotemporal dementia (FTD), 13 patients (6 female, 7 male) with pseudo-dementia caused by depression, and 19 patients (11 female, 8 male) with idiopathic forms of NPH. The diagnosis of the non-Alzheimer's disease groups of dementia was based on the Diagnostic and statistical manual of mental disorders, fourth edition (DSM-IV). 15 The diagnosis of NPH was based on the clinical triad of gait disturbance, dementia, and urinary incontinence or increased urinary urgency. 16 Patients were required to show typical criteria in neuroimaging. 16 17 Clinical improvement after diagnostic lumbar CSF puncture was taken as a confirmation of the diagnosis to provide greater diagnostic security, although this implied that some cases of NPH with a negative tap test may have been excluded. CSF and serum samples were obtained from 15 (8 female, 7 male) individuals approximately age matched to patients with Alzheimer's disease, who were normal controls. On clinical examination, neuroimaging (MRI (magnetic resonance imaging) or CT (computed tomography)), and CSF analysis they did not show any signs of a pathological process affecting the central nervous system.
Informed consent of all patients and the approval of the ethical committee of the University of Ulm were obtained. All CSF and serum samples were analysed in our CSF laboratory. b trace protein, b2 microglobulin, and cystatin C were measured using the test kit (immunonephelometric assay using polyclonal rabbit IgG antibodies) of Behringwerke AG (Marburg, Germany). Details on the assay procedure and validity data have been described previously by our group. 18 Statistical analysis was carried out using a one way analysis of variance (ANOVA), followed by an all pair wise multiple comparison procedure (Tukey test) in case of a statistically significant difference. As a normality test, the Kolmogorov-Smirnov test was applied. In case there was no normal distribution, a Kruskal-Wallis ANOVA was applied. Values ,0.05 are referred to as statistically significant.
RESULTS
In routine CSF analysis all patients and controls revealed normal results for cell count, CSF/serum concentration ratio of albumin (Q ALB ) representing blood-CSF barrier function, and oligoclonal IgG bands. Levels of b trace protein, b2 microglobulin, and cystatin C in CSF showed a positive correlation with age and Q ALB in controls and patients.
There was a statistically significant difference of the CSF b trace protein levels among the different groups (p = 0.001, ANOVA). Patients with NPH showed significantly lower b trace protein levels than normal controls (p = 0.003, Tukey test), patients with Alzheimer's disease (p = 0.005, Tukey test), and patients with pseudo-dementia caused by depression (p = 0.021, Tukey test) (table 1, fig 1) . They were lower than in patients with vascular dementia (p = 0.817, Tukey test) or FTD (p = 0.582, Tukey test), although these differences were not statistically significant. Among the non-NPH patients, no significant difference could be found. Likewise, there was no significant difference regarding b trace protein serum levels (p = 0.53, Kruskal-Wallis test, data not shown).
Neither CSF (p = 0.687, ANOVA) (p = 0.228, ANOVA) nor serum levels (p = 0.538, ANOVA) (p = 0.083, ANOVA) of b2 microglobulin and cystatin C showed a significant difference among the different groups (see table 1 ).
DISCUSSION
The CSF levels of the meningeal markers were not found to be different between patients with Alzheimer disease, vascular dementia, FTD, and normal controls. In contrast, patients with NPH showed considerably lower b trace protein concentrations. As an explanation, a dilution effect due to the enlargement of the ventricular spaces in NPH does not seem plausible as the other meningeal markers were not affected similarly.
The leptomeninges are thought to be a main origin of b trace protein. 8 18 Reduced CSF b trace protein levels could therefore mirror a pathological process affecting the meninges in NPH. As not all meningeal markers in our study were affected to the same extent, the function of the meninges may only be partially impaired. Furthermore, of the three investigated markers, only b trace protein seems to originate mainly from the meninges, 3 8 18 while cystatin C and b2 microglobulin are released from non-meningeal structures as well. Their CSF concentration may therefore be less vulnerable to meningeal dysfunction than b trace protein.
The reason for a possible meningeal dysfunction in NPH remains unclear. Leptomeningeal biopsies have failed to show 19 20 an unequivocal association of leptomeningeal fibrosis with a disturbed CSF flow. 16 A meningeal dysfunction as indicated by decreased CSF b trace protein levels may be involved in the pathogenesis of idiopathic NPH by contributing to a greater resistance to CSF outflow. However, this hypothesis requires further proof. Nevertheless, our data are in line with the notion that several types of dementia, including NPH and Alzheimer's disease, may be parts of a continuum representing CSF circulatory dysfunction as hypothesised recently. 21 As the CSF level of b trace protein was significantly lower in NPH than in Alzheimer's disease and asymptomatic people, it might be useful to also test for a differentiation between NPH and Alzheimer's disease. However, the test could not differentiate patients with NPH from those with vascular dementia, as concentrations of b trace protein in both groups were not significantly different.
Because the important issue of NPH diagnosis is predicting shunt responsiveness, correlation of b trace protein levels with responsiveness after a shunt are warranted in future studies.
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